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THE HISTOLOGICAL BASIS OF ADAPTIVE SHADES AND COLORS
IN THE FLOUNDER PARALICHTHYS ALBIGUTTUS.

5
By ALBERT KUNTZ, PH. D.

o

Contribution from the United States Fisheries Biological Station, Beaufort, N. C., and the Anatomical
Laboratories of the St, Louis University School of Medicine.

o
INTRODUCTION.

Changes in shade, color, and pattern which, as is well known, occur in many bony
fishes are due primarily to changes in the distribution of the pigment granules in the
chromatophores in the skin and changes in the relationships of the guanophores (cells
containing guanin crystals) with these chromatic organs.

The present investigation ¢ is an attempt to determine as a.ccurately as possible the
behavior of the chromatophores and other elements involved in the productlon of color
in the skin of the flounder Paralichthys albiguttus, as it undergoes changes in shade
or color or simulates as nearly as possible the color of a given background.

MATERIAL AND METHODS.

The material used in this investigation consisted of a large number of specimens of
Paralichthys albz'guttus‘ ranging from 10 to 30 cm. in length. Many of these specimens
were kept in aquaria of chosen colors contmuously for three weeks or longer, others
for briefer intervals.

Observations were made Iargely on living and fresh material., Sections of pre-
served skin were used primarily for the study of the distribution of pigment in the
deeper layers of the skin and the relationships of the color producing elements with
each other and with other structural elements in the skin in a vertical plane.

The chromatophores and guanophores lying immediately beneath the epidermis
can be observed very satisfactorily on detached scales on which the epidermis remains
intact, ‘The removal of a few scales, if done carefully, causes little or no reaction on
the part of the fish, and, consequently, no changes in the distribution of the pigment in
the chromatophores. If these scales are mounted in sea water, no changes in the distri-
bution of pigment granules occur for a considerable interval. When preparations of the
whole skin were desired, the fish was killed instantaneously by chopping off the head

o This investigation wasundertaken at the suggestion of Dr, S. O. Mast as a sequel to his work on ‘‘Changes in shade, color,
and pattern in fishes, and their bearing on the problems of adaptation and behavior, with especial reference to the flounders
Paralichthys and Ancylopsetta.” Bulletin of the United States Bureau of Fisheries, vol. xxx1v, 1914, p. 176-238. Paralichthys
albigutius was selected because it was found by Dr. Mast to be highly adaptable to backgrounds of various shades and colors and
was used extensively in hiswork. Theauthor is indebted to Dr. Mast, also, for helpiul suggestions and reading the manuscript.
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6 BULLETIN OF THE BUREAU OF FISHERIES.

with a single blow. Fish killed in this manner usually undergo no observable changes
in shade or color for some little time. Preparations of the skin studied immediately
after this operation show essentially the same distribution of the pigment granules in
the chromatophores lying immediately beneath the epidermis as do the scales removed
from the living fish. There is, therefore, probably no immediate change in any of the
chromatophores in the skin. The chromatophores and guanophores in the deeper
layers of the skin were studied in sections and also directly in pieces of skin from which
some of the scales had been removed.

Skin desired for sectioning was fixed in Zenker’s fluid, dehydrated as rapidly as
possible, and immediately embedded in paraffin. The melanin pigment being very
stable is not dissolved nor does it undergo any observable change in distribution during
this process. The xanthine pigment being readily soluble in alcohol is completely dis-
solved. In the deeper layers of the skin the xanthophores can still be observed in
sections; in the superficial layers they can not be distinguished from the guanophores
which are closely associated with them. The guanophores remain intact and can be
observed quite satisfactorily. _

Skin desired for the study of the nerve supply to the chromatophores was prepared
by the pyridine-silver method.

STRUCTURE AND DISTRIBUTION OF CHROMATOPHORES AND GUANOPHORES.

The skin of Paralichthys albiguttus contains chromatophores of two distinct types,
viz, melanophores and xanthophores. The former contain melanin granules which vary
in color from dark brown to black; the latter contain xanthine granules which vary in
color from yellow to orange. Chromatophores of both of these types occur as isolated
chromatic organs. Xanthophores are in many instances partly covered by ovetlying
melanophores; however, chromatophore combinations involving a xanthophore and a
melanophore, as described by Ballowitz (1913) in several species of teleosts, probably
do not occur in this species. The melanophores are more numerous than the xantho-
phores. The averages of a large number of actual counts of the melanophores and
xanthophores, respectively, in a given unit area in the superficial layer of the skin in
nine specimens indicate a numerical ratio of melanophores to xanthophores in the layer
immediately beneath the epidermis of 32 to 19.

A chromatophore consists essentially of a group comprising several or many pig-
ment cells so arranged that the entire body presents a central area from which elongated
processes radiate. In Paralichthys the melanophores are more nearly symmetrical
and show a larger number of radial processes than the xanthophores.

A chromatophore is said to be “contracted” when the pigment granules are con-
centrated in the central area and “expanded’” when the pigment granules are widely
distributed. The terms “contracted” and “‘expanded’” will be used in this paper in
the sense here indicated and not with reference to the state of retraction or extension
of the radial processes of the chromatophores.

A fully expanded melanophore (fig. 1, pl. 1) usually presents a relatively pigment-
free central area bounded by a pigmented zone from which elongated pigmented proc-
esses radiate. Within the radial processes the pigment granules are usually disposed
along more or less definite radial lines. Not infrequently radial processes show a den-
dritic structure; in other instances they are distinctly broader distally than proximally.
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In a fully contracted melanophore all the pigment is concentrated in the central area.
A fully expanded xanthophore (fig. 2, pl. 1) may or may not show a pigment-free area
at the center. The central pigmented area is usually more or less irregular in outline
and from it relatively few irregular processes radiate. The pigment granules show no
regular arrangement. Xanthine granules disposed along definite radial lines are rarely
observed. In a fully contraced xanthophore the pigment is all concentrated in a more
or less irregular mass in the central area. Both melanophores and xanthophores can
be observed in any phase intermediate between maximal expansion and maximal con-
traction. ‘

Guandphores are cells or groups of cells which contain guanin in the form of minute
crystals, They occur either isolated or in groups and are frequetitly associated, more
or less intimately, with chromatophores. Guanophores are sufficiently abundant in
the superficial layers of the skin to occupy a relatively large part of the surface area.
They also possess the capacity to contract and expand to a certain degree,. When a
fish changes from a darker to a lighter shade more or less rapidly, the guanophores
occupy less of the surface area and appear somewhat more compact in the latter than
in the former condition. The number of guanophores in the superficial layer of the
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F16. 1.~Diagrammatic drawing jllustrating the distribution of chromatophores and guano-
phores in a longitudinal section of the skin of Paralichthys albiguitus. (1, epidermis; 3, 4,
layers of chromatophores and guanophores superficial to scales; 3, s, 7, scales; 6, 8, chroma-
tophores and guanophores in the deeper layers of the skin.)

skin apparently varies somewhat with the shade assumed by the fish if that shade is
maintained for a sufficient length of time. In a fish which has for some time assumed
a very light shade the guanophores in the superficial layers of the skin are sufficiently
abundant to occupy a very large portion of the surface area. In a fish which has
for some time assumed a darker shade the guanophores in the superficial layers of the
skin are apparently less abundant. Conclusive evidence on this point could not be
obtained. Attempts at counting the guanophores in a given unit area are unsatis-
factory because individual guanophores can not always be recognized. On the other
hand, the degree of expansion of these bodies and their particular spacial relationships
with the chromatophores are important factors in determining how large a portion of
the surface area shall be occupied by them. Relatively few guanophores occur in the
deeper layers of the skin.

" The chromatophores and guanophores in the superficial layers of the skin are
located superficial to the scales. The corresponding layers of these bodies, therefore,
imbricate with each other as do the scales (text fig. 1). Both chromatophores and
guanophores are more closely aggregated over the distal than over the proximal area
of the scales. Consequently, they are most numerous over the area of each scale which
is intimately covered by epidermis. Furthermore, the chromatophores in these areas
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differ somewhat in size and form from those nearer the proximal ends of the scales.
Those lying superficial to the proximal areas of the scales and, consequently, beneath
the overlapping areas of other scales, are characterized by relatively few irregular long
and slender radial processes. Over the distal areas of the scales the majority of the
melanophores lie immediately beneath the epidermis. In these areas, as well as over
the proximal areas of the scales, the xanthophores lie somewhat deeper than the
melanophores. Many of the guanophores lie at the level of the melanophores, while
others lie somewhat deeper.

Relatively few chromatophores occur in the deeper layers of the skin. In many
instances they are closely aggregated around blood vessels in the corium and in the
subcutaneous tissue® However, these chromatic organs in the deeper layers of the
skin are probably too few and too far removed from the surface to play any important
part in the shade or color assumed by the fish.

DEVELOPMENT AND DEGENERATION OF CHROMATOPHORES.

In surface preparations, as well as in sections of the skin, distorted and fragmented
melanophores are not infrequently observed between the cells of the epidermis (text
fig. 2), sometimes actually protruding from the surface. Doubtless these melanophores
are being eliminated through the epidermis,

J’j\;‘ A Y This phenomenon was observed in the
..\J 4 - % majority of the specimens examined, regard-

less of their shade or color. It was quite
as common in specimens which were newly
n:ﬁﬁ:ﬁﬁit:ﬁ:?ﬁ: Z‘.ﬁ’fﬁiﬁ:“" ‘2‘1“;‘1,3:‘,:‘,‘: taken as in those which had been kept in
3, layer of chromatophores and guanophores just beaeath  gquaria for shorter or longer periods. Obvi-
the epidermis.) .« a . . .
ously the elimination of melanin pigment,
and also its more. or less continuous production, must be looked upon as normal physi-
ological processes. A similar elimination of xanthine pigment through the epidermis
was not observed. However, this negative observation affords no evidence that xan-
thine pigment is not eliminated in this manner. Xanthine pigment is highly unstable
and would soon disintegrate following the fragmentation of the xanthophores.

When a fish undergoes a change from a darker to a lighter shade and maintains
that shade more or less constantly, a material reduction in the number of melanophores
in the layer just beneath the epidermis takes place. Averages of a large number of
actual counts of the melanophores in this layer in a given unit area of the skin of speci-
mens newly taken or adapted to dark backgrounds and of specimens adapted to a
white background indicate a reduction in the latter of approximately 3o per cent in
the number of melanophores in the superficial layer of the skin. The rate at which
this reduction took place in a single specimen which was placed on a white background
as soon as it was brought into the laboratory is indicated by the curve ab in the accom-
panying figure (text fig. 3). This curve is based on the averages of a large number of
actual counts of the melanophores in a given unit area on the surface of detached scales
taken from various parts of the body. The figures in the vertical line indicate the
number of melanophores in the given unit area, those in the horizontal line indicate the
number of days following the initial counts. The initial counts were made when the
fish was placed on the white background. This curve shows, furthermore, that a
maximum reduction of approximately 28 per cent was reached in 11 days and that
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following this period the number of melanophores in the superficial layer of the skin
remained fairly constant while the fish remained on the white background.

The averages of counts made on specimens which had been kept on a white back-
ground for a period of two months show, approximately, the same number of melano
phores per unit area in the layer just beneath the epidermis as was shown by the counts
made on the specimen used in the above experiment after it had been on the white
background for a period of 11 days. It is probable, therefore, that when a fish becomes
adapted to a background of a very light shade a maximum reduction in the number
of melanophores in the superficial layer of the skin takes place in a relatively short
time, and that little or no further reduction occurs even though a light shade is main-
tained for a prolonged period. This conclusion is supported by observations made
by H. S. Willis on specimens which had been kept on given backgrounds for six months
or longer.® This observer made camera lucida drawings under low magnification
including all the chromatophores in the layer just beneath the epidermis on detached
scales taken from various parts of the body. The averages of actual counts of the
number of melanophores per unit area in these drawings indicate that melanophores
are approximately equally abundant in

the superficial layer of the skin of speci- 4,

mensadapted to black, blue,and red back-

grounds and also of specimens adaptedto % . 1

whiteand yellow backgrounds. However, , - — Tl ~

the average number per unit area in the ’ N

drawings taken from specimens adapted % AN

to white and yellow backgrounds is only, 24} - AN

approximately, 70 per cent of the average (s P

number per unit area in those taken from B2 ¢ 6 8 W 12 4 I # a0

specimens adapted to black, blue, and red  Fic. 5. —Curves showing the rate of change in the number of
backgrounds. The difference here indi- ?ﬁ&?&fsgg‘:;‘m just beneath the epidermis.  (For
cated in the number of melanophores per

unit area in the superficial layer of the skin of specimens which had assumed dark and
light shades, respectively, for a relatively long period is not appreciably greater than the
corresponding difference indicated by the observations recorded above on specimens which
had assumed dark and light shades, respectively, for relatively short periods.

When a fish in which the number of melanophores in the superficial layer of the
skin has become reduced in response to the continued stimulus of a light background
is transferred to a dark background, the number of melanophores in the superficial
layer of the skin is gradually restored. The rate at which this restoration took place
in a single specimen is indicated by the curve Cd in the accompanying figure (text fig.
3). This specimen was kept on a white background for four weeks and then trans-
ferred to a black background. The curve is based on the averages of 10 actual counts
of the melanophores in a given unit area on detached scales taken from various parts
of the body. Counts were made when the fish was transferred from the white back-
ground and at intervals of two or three days following this date. At the end of two
weeks, when the experiment was discontinued, the number of melanophores per unit
arca was still somewhat less than the average for dark-colored specimens,

o These ohservations were made under the direction of Dr. S, O. Mast and are used here with his consent,
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CHANGES IN DISTRIBUTION OF PIGMENT IN CHROMATOPHORES.

Changes in the distribution of the pigment granules in chromatophores have been
studied by many investigators in both invertebrate and vertebrate animals. Never-
theless, the manner in which these changes are brought about remains a controverted
question. Two theories prevail at present. According to the one, the chromatophores
contract and expand in an ameboid manner. Among the supporters of this theory
may be mentioned von Wittich (1854), Busch (1856), Leydig (1857, 1873), Hering and
Hoyer (1869), Pouchet (1876), Halpern (1891), Ehrmann (1892), Ficabli (1896), Verworn
(1909), Froelich (1910), Holmes (1913), and Hooker (1912, 1914). According to the
other theory, changes in the distribution of the pigment do not involve essential changes
in the form of the chromatophore, but the pigment granules move through the protoplasm
or in fixed canals in it. Among the supporters of this theory may be mentioned Briicke
(1852), Harless (1854), Virchow (1854), Lister (1858), Solger (1889), Biedermann
(1892), Zimmermann- (1893), Keeble and Gamble (1905), Kahn and Lieben (1907),
Winkler (1910), Degner (1912), Ballowitz
(1893, 1912, 1913, 1914), Franz (1908,
1910), and Spaeth (1913). ‘

That it is quite impossible in fresh
preparations of the skin or in living fishes
to observe the limits of the processes radi-
ating from the central area of a mature
' ' R chromatophore except in its fully expanded
Fio- a4 Comers a:::fd:p?g’;%ﬁmmaxzfzglefi;; condition is the common experience of nota

parva 40 hotirs after fertilization. The stippled areas show few observers, ‘That individual chromato-

the distribution of the pigment. phores possess a more or less definite form
and that this form is retained, i. e., the position of each radial process remains apparently
fixed, after repeated so-called “contractions” and “expansions’” has been observed
by many investigators. Therefore, if the processes radiating from the central area
of a chromatophore are in turn retracted and extended, they must be composed of
relatively fluid protoplasm and occupy more or less definite tissue spaces. That such
is the case is maintained especially by Fréelich (1910) and Hooker (1914).

- In isolated cells of the larvee of Hyla remolla and Diemyctylus torosus containing
black pigment Holmes (1913) observed unmistakable ameboid movements. While
he admits the possibility that in the adult the cell processes of the chromatophores
may be more fixed in outline, he still maintains that the extent. to which ameboid
movements occur in the pigment cells of larvaee ought to suggest skepticism as to the
commonly accepted view that the pigment moves within the cell

That ameboid movement occurs in the pigment cells of larval fishes is well known.
The accompanying figure (text fig. 4) shows a series of camera lucida drawings taken
at approximately 10-minute intervals of a cell containing yellow pigment in an embryo
of Lucania parva 40 hours after fertilization,

The unshaded areas in these drawings illustrate areas free from. pigment. The
behavior of the pigment in the early pigment cells in embryos of this species is described
by the writer as follows:

The pigment granules arise in the central region of the cell and gradually push out toward the
periphery. Until pigment is present in all parts of the cell the parts free from pigment remain clear.
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Even after pigment has been present in all parts of the cell it may become concentrated in the central
region leaving the peripheral region clear. In many instances as the pigment becomes concentrated
isolated granules or groups of granules remain far out in the protoplasmic processes. The concentration
and redistribution of pigment granules are obviously not due to ameboid movements of the cell,
but to movements of the pigment granules in the cytoplasm.s

This description applies both to the cells containing yellow and those containing
black pigment. It is in full accord with the findings of Franz (1908) in larve of
Pleuronectes platessa.

While pigment cells in fishes are distinctly ameboid during embryonic and larval
development, changes in the distribution of the pigment within them are probably not
due to the form changes of the cells alone. If this were the oply factor involved, we
should expect that after pigment is once present in all parts of the cell the entire
cell would remain pigmented regardless of its changes in form. The outlines of these
cells are easily observed in early larve and, as indicated above, pigment-free areas arise
after pigment has been present in all parts of the cell. On the other hand, changes
in the distribution of the pigment granules frequently occur when no changes in the
form of the cell are taking place. Therefore, the conclusion that changes in the dis-
tribution of the pigment granules in the chromatophores of larval fishes are due to
ameboid form changes in.the cells alone is unwarranted.

The functional activities of chromatophores were studied in considerable detail
by Dr. S. O. Mast and the author in living specimens of Paralichthys alln'guttus b ‘This
species lends itself admirably to work of this kind. Specimens 5 to 10 cm. in length
were used which had been kept in aquaria for some time and had been repeatedly
transferred from one background to another of a different shade or color. They were
consequently accustomed to handling and responded very promptly to changes in the
shade or color of the background. A compound microscope was submerged in an
aquarium containing water deep enough to cover a small flounder resting on a glass
plate on the stage. The flounder was orientated so that the microscope could be focused
on chromatophores in the caudal fin. When a white cardboard was placed under
the glass plate and beneath the head of the fish the latter assumed a whitish shade.
When the white cardboard was replaced by a black one the fish very promptly assumed
a very much darker shade. These changes in shade took place so rapidly that the
movements of the pigment granules in the melanophores in the field of the micro-
scope could be observed quite satlsfactonly even under high magnification.

As the fish assumed a light shade in response to the white background the plgment
granules in many of the melanophores in the field of the microscope could be seen
retreating from the peripheral portions of the radial processes along more or less definite
radial lines and becoming concentrated in the central area. As the fish assumed a
darker shade in response to the black background, the pigment granules in the same
melanophores could be seen advancing peripherally apparently along the same radial
lines. Occasionally as the pigment granules advanced peripherally or retreated toward
the center the radial lines would break, leaving spaces free from pigment granules.
These spaces remained open for a short time and then gradually became filled by ad-
vancing or retreating granules. No evidence of the retraction and extension of the

4 Bulletin Bureau of Fisheries, vol. XXx1v, 1914, D. 419.
bThese observations were made at the United States fisheries biological station, Beaufort, N. C., during the summer
of 1914.
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radial processes of chromatophores could be observed. Rythmical movements con-
sisting of alternating short advances and retreats of the pigment granules lying nearest
the peripheral ends of the radial processes of melanophores were observed in fish resting
quietly on a background to which they were thoroughly adapted. Again, not infre-
quently movements of pigment granules resembling Brownian movements were observed
- at the peripheral ends of the pigment masses extending into the radial processes of
moderately expanded melanophores in resting fish. Such movements are characterized
by Ballowitz (1913) as “a remarkable dance.”

Changes in the distribution of the pigment granules in the xanthophores take place
in essentially the same manner as in the melanophores. In these chromatophores
pigment granules could be observed advancing toward the periphery and again retreating,
but not along well-defined radial lines. In general the movements of the xanthine
granules are more sluggish and less regular than those of the melanin granules.

The above observations on the behavior of the chromatophores in living specimens
of Paralichthys albigutius as they undergo changes in shade or color lead us to conclude
that changes in the distribution of the pigment granules in the chromatophores do not
involve essential form changes in these bodies, but that the pigment granules advance
peripherally and in turn retreat toward the central area while the form of the chromato-
phore remains essentially unchanged.

Further evidence which indicates that the radial processes of the chromatophores are
not extended and retracted with each corresponding change in the distribution of pig-
ment is afforded by the fact that not infrequently as the pigment becomes concentrated
in the central area of the chromatophore aggregates of pigment granules remain far
out in the radial processes. If the radial processes were actually retracted, all the
pigment granules would necessarily be carried toward the center with them. It might
be suggested that these aggregates of pigment granules which remain at or near the
periphery break through the surface film of the cytoplasm as the radial processes are
withdrawn and are again engulfed as the latter are extended. However, this seems
highly improbable.

The observations on the changes in the distribution of the pigment granules in
chromatophores recorded in the preceding paragraphs substantiate similar observations
made by Ballowitz on chromatophores in various species of teleosts. Ballowitz (1913)
has, furthermore, described very delicate radial canaliculi in the chromatophores within
which, he maintains, the pigment granules advance and retreat. The writer must confess
he has not been able to observe such canaliculi in the chromatophores of Paralichthys
albiguttus in either living or fixed material. Furthermore, the lack of any regular
arrangement of the pigment granules in the xanthophores speaks strongly against the
occurrence of radial canaliculi in these bodies.

INNERVATION OF CHROMATOPHORES.

Another important question regarding the functional activity of chromatophores
involves their relationship to the nervous system. The results of operations on the eyes
and nerves of fishes by Pouchet (1876), Seberov (1909, 1913), Sumner (x911), and
others indicate that the stimuli which normally call forth changes in shade or color
which involve widespread changes in the distribution of the pigment granules in the
chromatophores are received through the eyes. The experimental work of Mast (1914)
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proves conclusively that this conclusion is correct. The work of Pouchet (1876),
furthermore, indicates that the chromatophores are under the direct control of the
sympathetic nervous system. Ballowitz (1893) described a dense network of nerve
fibers, presumably sympathetic in character, surrounding the chromatophores in the
skin of certain fishes. The experimental work of Frisch (1910) on trout and minnows
tends to show that the nerve fibers which control the chromatophores pass out at a precise
level from the spinal cord into the sympathetic trunks and pass with them anteriorly
and posteriorly. Frisch claims, furthermore, to have demonstrated a special center in the
anterior end of the medulla whose stimulus brings on a contraction of the chromatophores.
In sections of the skin of Paralichthys albiguttus prepared by the pyridine-silver
method the writer observed both medullated and
nonmedullated nerve fibers which vary greatly in
caliber. ‘The medullated and the larger nonmedul-
lated fibers were never observed in relationship
with the chromatophores. However, many of the
smaller nonmedullated fibers could be traced to
their terminations on chromatophores (text fig. 5).
These fibers do not form a dense network about
chromatophores, as described and illt.l\strated by T s—Camers luclda drawings of melasophores
Ballowitz (1893), but run more or less directly from  tion of the skin of Paratichthys olbigutius pre-
the fiber bundles in the skin to their termination on ~ pared by the pyridinesilver method. (e, epi-
A dermis; m, melanophores; %, nerve fibers.)
the chromaticorgans. The nonmedullated character
of these fibers does not prove them to be sympathetic. However, this character, together
with the small caliber of the fibers, strongly suggests that they are sympathetic in nature.

DETAILED STUDY OF CHROMATOPHORES AND GUANOPHORES IN SKIN OF FISH ON GIVEN
BACKGROUNDS.

INTRODUCTION.

The experimental work of Mast proves conclusively that in members of thc genus
Paralichihys the skin simulates the background in color as well as in shade and pattern.
In his summary he says:

‘The range of changes in the skin in members of this genus is most remarkable. On a white back-
ground they become almost pure white, on a black background nearly black, and on gray backgrounds
of various shades they become gray of very nearly the same shade. On blue, green, yellow, orange, pink,
or brown of various hues they assume a color remarkably similar to that of the background. Reds of
various tints and shades, however, are not very accurately simulated, but the color produced in the skin
by each tint or shade of red is different from that produced by any other color and very different from that
produced by gray regardless of the intensity,¢

In the present investigation specimens of Paralichthys albiguttus were kept on back-
grounds of given shades and colors until their skin simulated the shade or color of the
background as nearly as possible. In general the shades and colors used were the same
or similar to those used by Mast. The color-producing elements in the skin of these
specimens, as well as of specimens newly taken, were studied microscopically in order

to determine as accurately as possible what factors are involved in the production of
given shades and colors.

6 Bulletin Bureau of Fisheries, vol. xxx1v, 1914, p. 2135,

69571°~—18——2



14 BULLETIN OF THE BUREAU OF FISHERIES.

FISH NEWLY TAKEN.

The specimens used in this study were taken on sandy beaches near the laboratory.
The majority of them were brownish gray in color, mottled with areas of darker and
lighter shades. Occasionally a specimen was taken which showed only a very slight
or no brownish tone. .

In the layer immediately beneath the epidermis in these specimens the melano-
phores in the darker areas were nearly or quite maximally expanded, while those in
the lighter areas were expanded to a lesser degree. In the lightest areas many of the
melanophores were contracted to such an extent that nearly all of the pigment was
concentrated in the central area. The melanophores lay immediately beneath the
epidermis and were not obscured by other structural elements.

In the majority of the specimens examined most of the xanthophores in the layer
immediately beneath the epidermis were contracted to such an extent that the major
part of the pigment was concentrated in the central area. From this central pigmented
area irregular aggregates of pigment granules extended peripherally into the proximal
portions of one or more radial processes. In this condition the pigmented area is so
irregular in form that the radial arrangement of the parts of the chromatophore is not
apparent. In those specimens which showed a marked brownish tone the xanthophores
just beneath the epidermis were expanded to a moderate degree, while in those which
showed little or no brownish tone they were almost maximally contracted. The xantho-
phores lay appreciably deeper than the melanophores, and many of them were partly
covered by the latter. Many of them also were partly or completely overlain by
guanophores. -

The guanophores in the layer immediately beneath the epidermis occurred éither
isolated or in small groups, usually without any apparent arrangement which could be
correlated with the arrangement of chromatophores or their component parts. How-
ever, in some instances guanophores were arranged in a radial manner about chromato-
phores with which they were intimately associated. Guanophores were present in
sufficient numbers to occupy the greater part of the surface area beneath the melanophores
as well as between them. They were apparently less abundant and somewhat more
opaque in the darker than in the lighter areas.

Among the chromatophores lying superficial to the proximal areas of the scales
and, consequently, beneath the overlapping areas of other scales the melanophores
were well expanded while the xanthophores were expanded to an appreciably greater
degree than the xanthophores in the layer just beneath the epidermis. Relatively few
guanophores occurred superficial to the proximal areas of the scales. These also
appeared less opaque than those in the layer just beneath the epidermis. The chroma-
tophores in the deeper layers of the skin are well expanded.

Obviously the darker shades in the color pattern of a fish newly taken are due
primarily to the degree of expansion of the melanophores in the darker areas. The
lighter shades are due not only to the degree of contraction of the melanophores in the
lighter areas but also to the effect of the guanophores, which to a large extent obscure
the melanin pigment in these areas. In specimens which show a marked brownish tone
this tone depends primarily upon the degree of expansion of the xanthophores. How-
ever, the quality of the solor is not that of the xanthine pigment. It is probably the
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result of a blending of the colors of xanthine and melanin pigment plus the optical effect
of the guanophores and other structural elements. In specimens which show only a
very slight or no brownish tone the xanthophores are strongly contracted and so thor-
oughly obscured by the guanophores that the xanthine pigment has little or no effect.

FISH ON BLACK BACKGROUND.

The specimens used in this study were kept in a wooden aquarium, the bottom
and sides of which were painted black. Some of them remained in this aquarium for
21 days or longer, others for shorter intervals. In those in which simulation of the
background was most nearly perfect the skin was very dark gray with a very slight
brownish tone, and the whole surface of the body was more uniform in shade than it
was in the specimens newly taken.

In the layer just beneath the epidermis in these specimens the majority of the
melanophores in the darker areas were maximally expanded. These melanophores
showed a relatively large unpigmented area at the center, and pigment was present in
the radial processes well toward their peripheral extremities. In the lighter areas the
melanophores were expanded to a somewhat lesser degree. Many of them showed a
relatively small unpigmented area at the center, while others showed no unpigmented
central area but were still well expanded. In many areas the radial processes of adjacent
melanophores interdigitated with each other. Where this condition obtained, a rela-
tively large portion of the surface area was occupied by melanin pigment. Further-
more, the melanophores lay immediately beneath the epidermis and were not obscured
by other elements.

The majority of the xanthophores in the layer just beneath the epidermis were
strongly contracted. The portion of the surface area occupied by xanthine pigment
was relatively small in proportion to that occupied by melanin pigment. Furthermore,
the xanthophores lay appreciably deeper than the melanophores and many of them
were wholly or in part overlain by guanophores. Occasionally a specimen which had
become adapted to a black background was observed which showed scarcely a trace of
brownish color. In these specimens the xanthophores in the superficial layer of the
skin were contracted to a somewhat greater degree than usual and were more effectively
obscured by overlying guanophores.

Guanophores were present in the superficial layers of the skin in approximately
the same abundance as in specimens newly taken. In some instances they lay beneath
melanophores. However, the majority of them lay in the areas not occupied by melano-
phores. :

“The chromatophores lying superficial to the proximal areas of the scales and in
the deeper layers of the skin showed approximately the same degree of expansion as
the corresponding chromatophores in the skin of the darker specimens newly taken.

The essential difference in the color-producing elements in the skin of specimens
adapted to a black background and specimens newly taken from their natural environ-
ment consists in a markedly greater degree of expansion of the melanophores and a
somewhat greater degree of contraction of the xanthophores in the layer just beneath
the epidermis in the former than in the latter. The chromatic organs in the deeper
layers of the skin show approximately identical conditions in both cases. The time
required for a specimen taken from its natural environment to become maximally black
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is relativelyshort. Microscopic examination of the color-producing élements in the skin of
specimens which had been on the black background two or three days chowed conditions
essentiallyidentical with the conditions of the color-producing elementsin the skin of speci-
mens which had been kept on a black background continuously for a period of 21 days.

The accompanying figure (text fig. 6) is an attempt to illustrate the vertical dis-
tribution of chromatophores and guanophores in the layer just beneath the epidermis
and in the layer just beneath this one overlying the proximal area of a scale in the skin
of a specimen which was thoroughly adapted to a black background. The solid areas
represent melanin pigment, the stippled areas include both xanthophores and guano-
phores. Figure 3, plate 1, represents a camera lucida drawing of chromatophores and
guanophores in the layer just beneath the epidermis in the skin of a specimen 23 cm. in
length which had been kept on a black background for a period of 21 days.

FISH ON WHITE BACKGROUND.

The specimens used in this study were kept for intervals varying from 5 to 25 days

in a wooden aquarium the bottom and sides of which were painted white. Because of
sediment in the water the bottom and sides

of the aquarium assumed a brownish-

"SI T yollow tinge. Consequently, the back-
ground to which these specimens became

adapted was not pure white. When fully

adapted to this background, the color of

Vg € BRI o W (hese specimens was grayish-white with a
Fi6. 6.—Camera lucida drawing illustrating the vertical distri- brownish-yellow tone, mottled with areas

bution of chromatophores and guanophores just beneath the of a somewhat darker shade.
epidermis and superficial to the proximal area of a scale in the Th f in th 1 .
skin of a specimen of Paralichthys albigutius adapted to a black e melanophores in the layer just be-

background. Solid color represents melanin pigment, stippling neath the epidermis in the skin of these
includes both xanthophores and guanophores. N
specimens were all contracted to a greater
or lesser degree. In the lighter areas the majority of them were maximally contracted.
In this condition the pigment was concentrated in the central area into a rounded
mass, which usually lay somewhat deeper than the melanophores in their expanded
condition. In areas of a somewhat darker shade the melanophores were contracted to
a lesser degree. In these melanophores the major part of the pigment was concentrated
in the central area, while masses of pigment granules extended for a short distance into
the proximal portions of many of the radial processes or farther peripherally in a few
radial processes. Melanophores occurred not infrequently, even in the lighter areas,
in which the pigment was not appreciably concentrated. In these instances the cen-
tral area of the melanophore lay at a deeper level than the peripheral portions and
was deeply covered by guanophores. In the darkest areas many of the melanophores
remained expanded to a moderate degree. In all these conditions the melanophores
were obscured to a greater or lesser extent by associated guanophores.

The xanthopores in the layer just beneath the epidermis were contracted to a some-
what lesser degree than the corresponding xanthophores in the skin of specimens adapted
to a black background, but were obscured to a greater extent by overlying guanophores.
The majority of these xanthophores showed a heavily pigmented central area from which
masses of pigment granules extended peripherally into the proximal portions of a few of
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the radial processes, giving the pigmented area a veryirregular outline. Insome instances
the aggregates of pigment granules extended farther peripherally in one or two of the
radial processes, while the others were entirely free from pigment. Relatively few
xanthophores were expanded to a moderate degree and showed a more symmetrical dis-
tribution of the pigment granules. The ratio of the surface area occupied by xanthine
pigment to that occupied by melanin pigment was appreciably greater in these speci-
mens than in those adapted to a black background. However, the xanthophores were
more effectively obscured by overlying guanophores in the former than in the latter,

Guanophores were apparently more numerous in the layer just beneath the epi-
dermis in the skin of these specimens than in the skin of specimens newly taken. They
occupied nearly all the surface area and were closely aggregated about many of the
melanophores. As indicated in an earlier section of this paper, whether or not a real
increase in the number of guanophores in the superficial layer of the skin occurs in speci-
mens which become thoroughly adapted to a white background could not be definitely
determined. Doubtless, the more complete occupation of the surface area by the guano-
phores in the skin of these specimens is
due, at least in part, to the expansion
of these bodies. Nevertheless, the
changes which bring about the more
complete occupation of the surface area
by the guanophores constitute an im-
portant factor in the production of a
still lighter shade following the initial
response of the fish to a white back-
ground. 16, 7~Camera lucida drawing illustrating the vertical distribu-

Both mdanophores and xan,th o- iogfuxgz:ﬁih&::s::iimlare;;fﬁjs‘;ﬁ: inth:‘sxzf i::pn:é?
phores lying superficial to the proximal  men of Paralichthys albiputtus adapted toa white background. Salid
areas of the scales and in the deeper color represents melanin pigment, stippling includes both xantho-

phores and guanocphores,
layers of the skin were contracted to a
somewhat lesser degree, respectively, than those in the layer just beneath the epi-
dermis. In many instances, while the radial processes could not be definitely out-
lined, the peripheral portions of many of them which contained no pigment granules
still assumed a slight yellowish tinge.

The accompanying figure (text fig. 7) is an attempt to illustrate the vertical dis-
tribution of chromatophores and guanophores in the layer just beneath the epidermis-
and in the layer overlying the proximal area of a scale in the skin of a specimen which
was thoroughly adapted to a white background. The solid areas represent melanin
pigment, the stippled areas include both xanthophores and guanophores. Figure g4,
plate 1, represents camera lucida drawings of chromatophores and guanophores in
the layer just beneath the epidermis in a lighter and a darker area of the skin of a
Specimen 22 cm. in length which had been kept on a white background for a period of
25 days.

, All the specimens which were kept in white aquaria became adapted to the white
background very rapidly. The initial response to a white background consists in a
marked concentration of the pigment granules in the majority of the melanophores and
the depression of the central area of many of those in which the pigment does not
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become concentrated. This initial response may require but a few seconds and results
in a distinctly whitish shade. However, a fish which has not previously been adapted
to a white background does not become maximally white for a week or longer. Com-
plete adaptation to a white background involves a rearrangement and probably an
increase in the number of the guanophores and a material reduction in the number of
melanophores in the layer just beneath the epidermis. On the other hand, a specimen
which has recently been thoroughly adapted to a white background, but allowed to
assume a darker shade for a short time, resumes a maximally white shade very promptly
when again placed on a white background. The degree of concentration of the pigment
granules in the chromatophores and the relationships of the guanophores with these
bodies are essentially the same after the initial response in a specimen which has pre-
viously been thoroughly adapted to a white background as in one which has been on
a white background continuously for a prolonged period.
The effect of a thorough adaptation to a white background remains apparent for
a considerable length of time after the fish is placed on a dark background. This is
shown by the following observations: A specimen 17 cm. in length which had been
kept in a white aquarium for four weeks was placed, on August 2, in an aquarium
painted black. This specimen assumed a somewhat darker shade almost immediately
and gradually became darker. On August 4 it still remained somewhat lighter than
the darker specimens newly taken, Many of the melanophores in the layer just beneath
the epidermis were well expanded, but the central area still remained depressed and in
many instances covered by guanophores. In some areas many of the melanophores
remained almost maximally contracted while guanophores remained closely aggregated
about them. In general, the melanophores were obscured to a lesser degree than when
the fish was transferred from the white aquarium. On August 7 it had become very
much darker, but not maximally black. In many areas the melanophores were maxi-
mally expanded, and their central areas were no longer depressed. In other areas
they were expanded only to a moderate degree, while many of them still remained
somewhat obscured by guanophores. The xanthophores remained in approximately
the same condition as they were when the fish was transferred from the white aquarium.
Guanophores still remained apparently more numerous in the superficial layer of the
skin than in specimens which had not been adapted to a light background, but were
somewhat contracted. Consequently, they occupied less of the surface area than
_when the fish still assumed a lighter shade. On August 12 this specimen appeared
nearly as dark as other specimens in the same aquarium which were thoroughly adapted
to the black background. The melanophores in the superficial layer of the skin now
showed approximately the same degree of expansion as the corresponding melanophores
in the skin of a specimen which was maximally black. Neither were they any longer
obscured by overlying guanophores. These observations, in so far as they refer to the
rate of adaptation, are in harmony with those presented by Mast.®

FISH ON YELLOW BACKGROUND,

The specimens used in this study were kept on a gamboge-yellow background for
intervals varying from 5 to 26 days. When thoroughly adapted to this background,
they were grayish yellow in color, mottled with areas of darker and lighter shades.

4 Bureau of Fisheries, document no. 821, p. 195-199.
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In these specimens the majority of the melanophores in the layer just beneath
the epidermis were contracted only to a moderate degree, In the lighter areas the
melanophores were contracted to a greater degree, but rarely was the pigment all
concentrated in the central area. The melanophores lay immediately beneath the
epidermis and were not obscured to an appreciable extent by overlying guanophores.
However, the central area of those most fully expanded was not infrequently somewhat
depressed.

Many of the xanthophores in the layer just beneath the epidermis were apparently
maximally expanded, while others were expanded only to a moderate degree. In
those which were not fully expanded the major portion of the pigment was concentrated
in the central area, while masses of pigment granules extended toward the periphery
but a short distance in some of the radial processes and farther in others. The pig-
mented area in these chromatophores was usually very irregular in outline. Rarely
was a xanthophore observed in which all the pigment was concentrated in the central
.area. The ratio of the surface area occupied by xanthine granules to that occupied
by melanin granules was relatively large.
Because of the wider distribution of the pig-
ment granules the color of individual xan-
thophores was less intense than in the skin
of specimens not adapted to a yellow back-
ground. :

The guanophores in the layer just be-
neath the epidermis occupied a relatively
large part of the surface area, rarely over- . - ) o

F1G. 8.—~Camera lucida drawing illustrating the vertical dis-

lying mdanophores, but very commonly tribution of chromatophores and guanophores just beneath
overlying xanthophores, at least in part.  theepidermisand superficialtotheproximalarea of ascale
R . in the skin of a specimem of Paralichthys albipuitus adapted
However, the xanthine pigment was not to a yellow background. Solid color represents melanin
largely obscured by them. Guanophores — pigment, stippling includes both xauthophores end
which lay above or in immediate contact guanaphores. '
with xanthophores assumed a greenish-yellow tinge. This phenomenon was more
apparent in specimens adapted to a yellow background than in others, because the
xanthine pigment in the former was more widely distributed. Guanophores not in
close proximity with xanthine or melanin pigment in the skin of specimens adapted
to a yellow background did not differ in shade or color from corresponding guanophores
In the skin of specimens newly taken or those adapted to a dark background. The
yellow color of the background had no direct effect upon the color of these bodies.

Both melanophores and xanthophores lying superficial to the proximal areas of
the scales and in the deeper layers of the skin were well expanded, the xanthophores
to a somewhat greater degree than the melanophores. Relatively few guanophores
occur in these layers.

The accompanying figure (text fig. 8) is an attempt to illustrate as nearly as pos-
sible the vertical distribution of chromatophores and guanophores in the layer just
beneath the epidermis and in the layer overlying the proximal area of the scales in the
skin of a specimen which was thoroughly adapted to a yellow background. The solid
areas represent melanin pigment, the stippled areas include both xanthophores and
guanophores. Figure 5, plate 1, represents a camera lucida drawing of chromato-
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phores and guanophores in the layer just beneath the epidermis in the skin of a speci-
men, 17 cm. in length, which had been kept on a yellow background for a period of 26
days.

All' the specimens placed in a yellow aquarium became adapted to the yellow
background almost.as rapidly as those which were placed in a white aquarium did to
the white background. The initial response of a dark-colored fish to a yellow back-
ground consists in a moderate degree of contraction of the melanophores and a marked
degree of expansion of the xanthophores.in the superficial layers of the skin. This
initial response ‘of a specimen which has not previously been adapted to a yellow back-
ground occurs somewhat less promptly than the initial response of a specimen newly
taken to a white background. It results in a distinctly grayish-yellow color of a light
shade. The production of a maximally yellow color requires no longer time than the
production of a maximally white color. The complete adaptation to a yellow back-
ground involves some rearrangement of the guanophores and a moderate reduction in
the number of melanophores in the layer just beneath the epidermis. The reduction
in the number of melanophores is less marked than in the skin of specimens adapted
to a white background. The averages of actual counts of the number of melanophores
in a given unit area on detached scales taken from various parts of the body of speci-
mens newly taken and of specimens thoroughly adapted to a yellow background, indi-
cate a reduction in the number of melanophores in the layer just beneath the epidermis
in the latter of approximately 16 per cent. No change in the number of xanthophores

could be determined.
FISH ON GREEN BACKGROUND.

The specimens used in this study were kept, for intervals varying from § to 28
days, in a wooden aquarium the bottom and sides of which were painted moderately
dark green. When thoroughly adapted to this background the general color of these
specimens was a little lighter and more uniform than the color of the majority of the
specimens newly taken and showed a distinct yellowish-green tone.

Many of the melanophores in the layer just beneath the epidermis in the skin of
these specimens were nearly or quite maximally expanded while others were expanded
only to a moderate degree. The condition of the melanophores in this layer did not
differ materially from the condition of the corresponding bodies in the skin of many
of the specimens newly taken in which the general color was most uniform.

The xanthophores in the layer just beneath the epidermis were expanded to a
moderate degree. Many of them were in part overlain by guanophores, but were not
largely obscured by the latter. The percentage of the total surface area occupied by
xanthine pigment is appreciably greater in these specimens than in those adapted to
either a black or a white background, but materially less than in those adapted to a
yellow background.

The guanophores in the superficial layer of the skin occupied, approximately, the
same percentage of the surface area as they did in the majority of the specimens newly
taken. Guanophores which lay above or in immediate proximity with xanthine pig-
ment assumed a greenish-yellow tinge. However, this was no more apparent in these
specimens than in those adapted to a yellow background. The green background had
no direct effect on either the shade or the color of the guanophores.
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Superficial to the proximal areas of the scales and in the deeper layers of the skin
both melanophores and xanthophores showed, approximately, the same degree of
expansion as the corresponding chromatophores in the skin of specimens adapted to a
moderately dark-gray background. Relatively few guanophores occurred in these
layers,

Figure 6, plate 1, is a camera lucida drawing of chromatophores and guanophores
in the layer just beneath the epidermis in the skin of a specimen 19 em. in length which
had been kept on a green background continuously for a period of 28 days. The ver-
tical distribution of chromatophores and guanophores in the skin of specimens adapted to
a green background does not differ essenitially from the vertical distribution of these
elements in the skin of any moderately dark-colored specimen.

As a fish becomes adapted to a green background the melanophores in the super-
ficial layer of the skin become expanded to approximately the same degree as in one
adapted to a moderately dark-gray background. The xanthophores become expanded
to a somewhat greater degree than the corresponding bodies in the skin of a speci-
men adapted to a gray background. That the guanophores in the superficial
layer may assume somewhat different spacial relationships with the chromatophores
is quite probable. However, no conclusive evidence on this point could be obtained.
Greenish tones can not be observed microscopically except in the guanophores which
lie in close proximity with xanthine pigment and in the almost pigment-free peripheral
portions of the radial processes of some of the xanthophores. However, these greenish
tones may be observed quite as well in the skin of specimens which have not been on
a green background.

A microscopic study of the color-producing elements in the skin of these specimens
affords no very definite data upon which to base an explanation of the cause of the
greenish color which they assume. The most definite finding is the ratio of the surface
area occupied by xanthine pigment to that occupied by melanin pigment. Doubtless,
the greenish color is due to a mingling of the colors of xanthine and melanin pigment
plus the optical effects due to the diffraction of light by the guanin crystals in the
guanophores. The dark shade is due primarily to the degree of expansion of the
melanophores.

FISH ON RED BACKGROUND.

Somnie of the specimens used in this study were kept for an interval of 21 days, othets
for a shorter interval, in a wooden aquarium, the bottom and sides of which were painted
dark-carmine red. When thoroughly adapted to this background these specimens were
reddish brown in color and of a shade approximately as dark as that of specimens
adapted to a moderately dark-gray background.

The melanophores in the layer just beneath the epidermis in the skin of these
specimens were all well expanded. In the darker areas the majority of them were nearly
or quite maximally expanded; in the lighter areas they were expanded only to a moder-
ate degree. In general, the melanophores in the superficial layer of the skin were
expanded to a somewhat greater degree than in the majority of the specimens newly
taken, )

Among the xanthophores in the layer just beneath the epidermis, those which con-
tain orange-colored pigment were well expanded, while those which contain yellow
pigment were strongly contracted. In many areas the orange-colored xanthophores
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were nearly or quite maximally expanded; in others they were expanded only to a
moderate degree. The majority of the yellow xanthophores were contracted to such a
degree that the major part of the pigment was concentrated in the central area. Not
infrequently xanthophores of this type were observed in which all the pigment was
concentrated in the central area. Many of the xanthophores which were most strongly
contracted were largely obscured by associated guanophores. Those which were
expanded to a greater or lesser degree were not largely obscured by other elements
except where they were in part overlain by melanophores. The ratio of the surface
area occupied by xanthine pigment to that occupied by melanin pigment was greater
than in specimens adapted to other dark-colored backgrounds, but appreciably less
than in those adapted to a yellow background.

In general, the guanophores in the superficial layer were more intimately associated
with the xanthophores than with the melanophores, and appeared to be arranged
with respect to the former rather than the latter; consequently, they occupied a rela-
tively large part of the surface area not occupied by melanophores. Inasmuch as a
relatively large percentage of the guanophores lay in proximity with xanthophores,
the greenish-yellow tone of the former, due to their proximity with xanthine pigment,
was widespread and very apparent. The red background had no direct effect either
on the shade or the color of the guanophores.

Superficial to the proximal areas of the scales and in the deeper layers of the skin
the melanophores and orange-colored xanthophores were well expanded, while the
yellow xanthophores were expanded only to a moderate degree. The peripheral pig-
ment-free portions of many of the xanthophores, as well as the guanophores lying in
proximity with xanthine pigment, assumed the same greenish-yellow tone as the guano-
phores lying in proximity with xanthine pigment in the superficial layer.

Figure 7, plate 11, is a camera lucida drawing of chromatophores and guanophores
as they appeared in the layer just beneath the epidermis in the skin of a specimen 20
cm. in length, which had been kept on a dark-red background for a period of 21 days.
The vertical distribution of chromatophores and guanophores in the skin of specimens
adapted to a dark-red background does not differ essentially from the vertical distri-
bution of these elements in the skin of any dark-colored specimen.

Adaptation to a dark-red background involves a response on the part of the
melanophores similar to the response of these organs to a moderately dark-gray back-
ground. The xanthophores whose color approximates” the color of the background
most closely, i. e., those containing orange-colored pigment, become greatly expanded.
Consequently, the pigment which simulates the color of the background most closely
becomes almost maximally effective. Furthermore, a relatively large percentage of
the guanophores lie in proximity with xanthophores. Doubtless, the resulting reddish-
brown color is due to a mingling of the colors of the xanthine and the melanin pig-
ments plus the optical effects due primarily to those guanophores which lie in prox-
imity with xanthophores. The dark shade is due to the degree of expansion of the
melanophores.

Specimens newly taken which were placed in a red aquarium responded very
promptly to the red background. The initial response involves a marked degree of
expansion of the melanophores and orange-colored xanthophores and a moderate
degree of contraction of the yellow xanthophores in the superficial layers of the skin.
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It results in a color which approximates very closely the color of specimens which are
thoroughly adapted to the same background. None of the specimens used in this
study ever showed any color which approximated the red color of the background
more closely than does the orange pigment.

FISH ON BLUE BACKGROUND.

The specimens used in this study were kept, for intervals varying from 5 to 22
days, in a wooden aquarium the bottom and sides of which were painted dark indigo-
blue. Adaptation to this background was, perhaps, less perfect than it would have
been to a blue background of a lighter shade. Those specimens which simulated the
color of the background most closely were dark gray with a greenish-blue tone.

In these specimens many of the melanophores in the layer just beneath the epidermis
were nearly or quite maximally expanded; others were expanded to a somewhat lesser
degree. In general, the melanophores in this layer were expanded to a slightly lesser
degree than in the skin of specimens adapted to a black background.

The xanthophores in the layer just beneath the epidermis were strongly contracted.
In many areas the majority of them were contracted to a maximum degree. In others
they were almost maximally contracted. In general the xanthophores lay somewhat
deeper than when they are contracted to a lesser degree and were largely obscured by
overlying guanophores. ’

The guanophores in the superficial layer were more definitely arranged with refer-
ence to the melanophores, and were apparently more intimately associated with these
bodies than in any of the conditions described above. Not infrequently guanophores
were closely aggregated around melanophores and extended well beneath the peripheral
portions of the latter. Because so many of the guanophores were associated with
melanophores in this manner there were relatively large areas between the melano-
phores not occupied by guanophores. Wherever guanophores were in close proximity
with xanthine pigment they assumed a greenish-yellow tinge. However, relatively
few guanophores were affected in this manner by reason of the relatively great degree
of contraction of the xanthophores. On the other hand, many of the guanophores
closely associated with melanophores and not in close proximity with xanthine pigment
showed a greenish-blue metallic tone. The blue background had no apparent direct
effect on the shade or the color of the guanophores.

Superficial to the proximal areas of the scales and in the deeper layers of the skin
the melanophores were nearly or quite maximally expanded, while the xanthophores
were strongly contracted. Many of the guanophores which were closely associated
with melanophores showed the same greenish-blue metallic tone as was apparent in
the superficial layer of the skin.

Figure 8, plate 11, is a camera lucida drawing of chromatophores and guanophores
as they appeared in the layer just beneath the epidermis in the skin of a specimen, 20
cm. in length, which had been kept on a dark-blue background for a period of 22 days.
The vertical distribution of chromatophores and guanophores in the skin of specimens
adapted to a dark-blue background does not differ essentially from the vertical distribu-
tion of these elements in the skin of any dark-colored specimen.

Adaptation to a dark-blue background involves almost maximum expansion of
the melanophores and almost maximum contraction of the xanthophores in the super-



24 BULLETIN OF THE BUREAU OF FISHERIES.

ficial layers of the skin. The guanophores also undergo some changes in their relation-
ships with the chromatophores, by which many of them become more intimately asso-
ciated with melanophores, leaving relatively few intimately associated with xantho-
phores. Relatively few guanophores show a greenish-yellow tinge due to their prox-
imity with xanthine pigment. On the other hand, many guanophores show a greenish-
blue metallic tone, probably due to their intimate association and particular spacial
relationships with well-expanded melanophores. Obviously the dark shade assumed
by specimens adapted to a dark-blue background is due to the degree of expansion of
the melanophores. The greenish-blue tone is probably due largely to the optical effect
produced by the guanophores which are most intimately associated with melanophores.

DISCUSSION.

A comparative study of living material and preparations of the skin of specimens
of Paralichihys albiguitus adapted to backgrounds of the various shades and colors used
in this investigation indicates that shade depends primarily upon the degree of distribu-
tion of the melanin pigment in the melanophores and the spacial relationships of the
guanophores with these bodies in the superficial layers of the skin. The xanthophores
probably play no important part in the determination of shade. The melanophores in
the deeper layers of the skin always respond less promptly and to a lesser degree to
changes in the shade of the background than those in the superficial layer.

The most obvious response to a change in the color of the background is a change
in the distribution of the xanthine granules in the xanthophores. Shades of yellow
and orange probably depend primarily upon the relative degree of expansion of the
xanthophores containing yellow and orange pigments. In general the particular
quality of the color assumed depends on a complex group of factors which do not
lend themselves readily to a detailed analysis. Some of the colors assumed may be
duplicated by mixing pigments of the colors represented in the pigments contained in
the chromatophores. Doubtless, these colors depend largely on the relative degree of
expansion of the melanophores and xanthophores. Colors which can not be duplicated
in this manner, doubtless, depend on the relative degree of expansion of the melano-
phores and xanthophores plus the optical effects due to the diffraction of light by the
guanin crystals in the guanophores and possibly the absorption and diffraction of light
by other structural elements in the skin. The optical effects produced by the guanin
crystals are probably modified to some extent by the particular spacial relationships of
the guanophores with the chromatic organs.

Obviously, certain colors are simulated much more perfectly than others. Among
the colors used in this investigation yellow and green were simulated much more per-
fectly than dark red and dark blue. Autochrome plates published by Mast (1914) show
that some of his specimens simulated the color of blue backgrounds much more per-
fectly than the specimens used in the present investigation. However, his specimens
which were adapted to a red background did not simulate the color of the background
any more closely than those adapted to a red background in this investigation. As
indicated in an earlier section of this paper, none of the specimens placed on a dark-red
background showed any color which approximated red more closely than the orange-
colored pigment in the xanthophores. In view of these facts, the conclusion that all
colors can be reproduced in the skin of the flounder is unwarranted,
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SUMMARY.

1. Chromatophores in the skin of Paralichthys albiguttus are of two types, viz,
melanophores and xanthophores. The former contain melanin granules which are
dark brown or black, the latter contain xanthine granules which vary in color from
yellow to orange. Changes in shade or color are due primarily to changes in the dis-
tribution of the pigment in the chromatophores and changes in the relationships of the
guanophores with these bodies.

2. Many melanophores are eliminated from the skin through the epidermis. Under
certain conditions the number of melanophores in the layer just beneath the epidermis
becomes materially reduced.

3. Evidence is advanced in support of the theory that changes in the distribution
of the pigment in the chromatophores are brought about by movements of the pig-
ment granules toward the periphery and in turn back toward the central area while the
form of the chromatophores remains essentially unchanged.

4. The evidence available indicates that the chromatophores are under the direct
control of the sympathetic nervous system.

5. Shade is due primarily to the degree of expansion of the melanophores in' the
superficial layers of the skin. Very light shades maintained for a prolonged period
involve a reduction in the number of melanophores in the superficial layer.

6. The initial response to a yellow background involves a moderate degree of con-
traction of the melanophores and a marked degree of expansion of the xanthophores
in the superficial layers of the skin. Thorough adaptation to a yellow background
involves a moderate reduction in the number of melanophores in these layers,

7. Adaptation to a green background involves approximately the same degree of
expansion of the melanophores and a somewhat greater degree of expansion of the
xanthophores in the superficial layers of the skin than adaptation to a moderately dark-
gray background. The resultant yellowish-green tone probably depends upon the
ratio of the distribution of the xanthine to the distribution of the melanin pigment
plus the optical effect due to the dxﬁractmn of light by the guanin crystals in the
guanophores.

8. Adaptation to a dark-red background involves almost maximum expansion of
the melanophores and the xanthophores containing orange-colored pigment and a
marked degree of contraction of the xanthophores containing yellow pigment in the
superficial layers of the skin. The resulting reddish-brown color is due largely to the
wide distribution of orange pigment, the effect of which is probably modified to some
extent by the blending of orange and black and the optical effects produced by the
guanophores. The dark shade is due to the wide distribution of melanin pigment.

9. Adaptation to a dark-blue background involves almost maximum expansion of
the melanophores and almost maximum contraction of the xanthophores in the super-
ficial layers of the skin. Many of the guanophores also become arranged with reference
to the melanophores and closely associated with them. The xanthine pigment prob-
ably has little effect in the resultant color. The dark shade is due primarily to the
wide distribution of the melanin pigment. Doubtless, the greenish-blue tone depends
largely upon the optical effects produced by those guanophores which are closely asso-
ciated with melanophores.
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EXPLANATION OF PLATES.
PrLaTte 1.

F16. 1.—Expanded melanophore highly magnified.

F16. 2.—Expanded xanthophore highly magnified.

Fic. 3.—Camera lucida drawing of chromatophores and guanophores just beneath the epidermis
in a specimen of Paralichthys albiguttus adapted to a black background. X gso. The grayish tones
represent guanophores. «

F16. 4.—Camera lucida drawing of chromatophores and guanophores just beneath the epidermis
in two areas of the skin of a specimen of Paralichthys albiguitus adapted to a white background. X 5s0.

Fig. 5.—Camera lucida drawing of chromatophores and guanophores just beneath the epidermis
in a specimen of Paralichthys albiguttus adapted to a yellow background. X sso.

Prarg II.

Fic. 6.—Camera lucida drawing of chromatophores and guanophores just beneath the epidermis
in a specimen of Paralickthys albiguttus adapted to a green background. X s550.

1. 7.—Camera lucida drawing of chromatophores and guanophores just beneath the epidermis
in a specimen of Paralichthys albiguttus adapted to a dark-carmine red background. X 330.

F16. 8.—Camera lucida drawing of chromatophores and guanophores just beneath the epidermis
in a specimen of Paralichthys albiguttus adapted to a dark-indigo blue background. X szo.
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